
Reference 127     Page 1

SCIENTIFIC AND TECHNICAL STAFF OF THE 
GEOLOGICAL SURVEY 

JOHN B. PATTON, State Geologist 
MAURICE E. BIGGS, Assistant State Geologist 

MARY BETH FOX, Mineral Statistician 

COAL AND INDUSTRIAL MINERALS SECTION 
DONALD D. CARR, Geologist and Head 
CURTIS H. AULT, Geologist and Associate Head 
PEl-YUAN CHEN, Geologist 
DONALD L. EGGERT, Geologist 
GORDON S. FRASER, Geologist 
DENVER HARPER, Geologist 
WALTER A. HASENMUELLER, Geologist 
NELSON R. SHAFFER, Geologist 
PAUL IRWIN, Geological Assistant 

DRAFTING AND PHOTOGRAPHY SECTION 
WILLIAM H. MORAN, Chief Draftsman and Head 
RICHARDT. HILL, Geological Draftsman 
ROGER L. PURCELL, Senior Geological Draftsman 
GEORGE R. RINGER, Photographer 
WILBUR E. ST ALlONS, Artist-Draftsman 

EDUCATIONAL SERVICES SECTION 
R. DEE RARICK, Geologist and Head 

GEOCHEMISTRY SECTION 
R. K. LEININGER, Geochemist and Head 
LOllS V. MILLER, Coal Chemist 
MARGARET V. GOLDE, Instrumental Analyst 
JOSEPH G. HAILER, Geochemist/Analyst 
ROGERS. McCAY, Electronics Technician 

GEOLOGY SECTION 
ROBERT H. SHAVER, Paleontologist and Head 
HENRY H. GRAY, Head Stratigrapher 
N. K. BLEUER, Glacial Geologist 
EDWIN J. HARTKE, Environmental Geologist 
JOHN R. HILL, Glacial Geologist 
CARL B. REXROAD, Paleontologist 

GEOPHYSICS SECTION 
MA UR!CE E. BIGGS, Geophysicist and Head 
ROBERT F. BLAKELY, Geophysicist 
JOSEPH F. WHALEY, Geophysicist 
JOHN R. HELMS, Driller 
SAMUEL L. RIDDLE, Geophysical Assistant 

PETROLEUM SECTION 
G. L. CARPENTER, Geologist and Head 
ANDREW J. HREHA, Geologist 
BRIAN D. KEITH, Geologist 
STANLEY J. KELLER, Geologist 
DAN M. SULLIVAN, Geologist 
JAMES T. CAZEE, Geological Assistant 
SHERRY CAZEE, Geological Assistant 
WILLIAM E. HAMM, Geological Assistant 

PUBLICATIONS SECTION 
GERALDS. WOODARD, Editor and Hea,' 
PAT GERTH, Sales and Records Clerk 

AUTHORS OF THIS REPORT: Hartke, Ault, and Bleuer are staff geologists of the Indiana 
Geological Survey, Bloomington; Austin is a staff geologist of the New Mexico Bureau of 
Mines and Mineral Resources, Socorro; Becker is a former staff geologist of the Indiana 
Geological Survey and nOw retired; Herring is a staff geologist of the Amax Coal Co., 
Indianapolis; and Moore is an exploration geologist of the Corley Ginther Oil Corp., Tulsa, 

Okla. 

?eolog! for Environmental Plannin 
In Marion County I d. g , n Iana 
By EDWIN~- HARTKE, CURTIS H , 

N.K. BLEUER, WILLIAM C. HER~YJZ. GEdORGE S. AUSTIN, LEROY E. BECKER 
'' an MICHAEL C. MOORE , 

ENVIRONMENTAL STUDY 15 

DEPARTMENT OF N 
GEOLOGICAL SURVE~T¥::CLIARLESROURCES EPORT 19 

PRINTED BY AUTHORITY 
BLOOMINGTON, INDIANA:0~8~HE STATE OF INDIANA 



Reference 127     Page 2

STATE OF INDIANA 
Otis R. Bowen, Governor 

DEPARTMENT OF NATURAL RESOURCES 
Joseph D. Cloud, Director 
GEOLOGICAL SURVEY 

John B. Patton, State Geologist 

For sale by Geological Survey, Bloomington, Ind. 47405 
Price $2.50 

Contents 
Page 

Introduction . . . . . . . . . . . . . . . .. 1 
Page 

Ground-water resources-Continued 
Geology . . . . . . . . . . . . . . . . . . .. 3 Quality ...................... 24 

Unconsolidated deposits ........... 3 Contamination potential .......... 24 
Bedrock ...................... 7 Crushed-stone resources ............ 25 

Engineering geology ............... 10 Potential resources .............. 25 
Properties of near-surface uncon-

solidated materials ............. 10 
Sources of aggregate ........... 25 
Sources of limestone and dolomite 

Glacial tills . . . . . . . . . . . . . . . . . . 10 for chemical uses ............. 27 
Granular materials ............. 11 

General foundation and construction 
Mining methods, economics, and 

environmental considerations ...... 28 
conditions ................... 12 

Surface-water resources ............. 12 
Favorable locations for future quarries 

and mines ................... 30 
Historical and physiographic back- Clay-material resources ............. 32 
ground ..................... 12 Sand and gravel resources ........... 33 

Management .................. 14 Definition and description ......... 33 
Water quality ................ 14 Reserves . . . . . . . . . . . . . . . . . . . . . 41 
Flow regulation .............. 14 Disposition of waste materials ........ 42 
Drainage ................... 14 Sanitary landfills ............... 42 

Ground-water resources ............. 14 
Present usage . . . . . . . . . . . . . 15 
Availability ................... 15 
Development potential ........... 15 

Principal Pleistocene aquifer ...... 19 
Bedrock aquifers .............. 19 

Septic systems ................. 46 
Storage lagoons for liquid wastes ..... 4 7 
Subsurface waste injection ......... 50 

Selected bibliography .............. 51 
Glossary ....................... 53 

Illustrations 
Plate 1 Geologic cross sections through the unconsolidated deposits of Marion 

County, Indiana . . . . . . . . . . . . . . . 

Page 

Figure 1 

2 

3 

4 

5 

6 

7 

8 

Map of Marion County showing surficial geology . . . . . . . . 

Map of Marion County showing thickness in feet of glacial drift 

Map of Marion County showing bedrock geology . . . . . . . . 

Cross section showing configuration of the land surface and arrange
ment of bedrock units . . . . . . . . . . . . . . . . . . . . . . 

Map of Marion County showing topography of the bedrock surface 

Generalized geologic column of the sedimentary bedrock formations 
underlying Marion County . . . . . . . . . . . . . . . . . . . . . . 

Map of Marion County showing average annual flow rate in major streams 

Map of Marion County showing generalized interpretation of potential 
yield from ground-water sources . . . . . . . . . . . . . . . . . . . . 

.In pocket 

. 2-3' 

.4 

.5 

. 6-7 

.8 

.9 

13 

.16-17 



Reference 127     Page 3
---- --------------- -------~--- ----

14 GEOLOGY FOR ENVIRONMENTAL PLANNING IN MARION COUNTY, INDIANA 

used about 82.8 mgd in 1972 from these through a box culvert under the downtown 
three sources. These reservoirs also serve business section of Indianapolis. The culvert 
flood-control and recreational purposes. will not carry peak flood flow, and the excess 

floodwater flows overland through the down. 
town area. 

MANAGEMENT 

Surface water is managed through the use of 
reservoirs, levees, holding-infiltration ponds, 
ditching, stream maintenance, and erosion 
and quality (effluent-discharge) control. The 
major environmental considerations in sur
face-water management are: (1) water quality, 
(2) flow regulation, and ( 3) drainage. 

WATER QUALITY 

The maintenance of an acceptable level of 
water quality depends on control of contami
nant discharge, maintenance of some mini
mum base-level flow, and control of erosion 
runoff. Contamination results from both 
point and area sources. Point sources include 
industrial and municipal wastes, and area 
sources may include sanitary landfills, septic
system fields, and agricultural fertilizers and 
pesticides. The base flow in a nonreservoir-fed 
stream is determined by the regional ground
water level, but that of the major streams in 
Marion County can be controlled by reservoir 
discharge. Natural surface-water quality is a 
reflection of ground-water quality plus 
dilution by surface runoff. Because surface 
water moves much more rapidly than ground 
water, it is much more variable in quality. 
Ground-water temperature varies within a 
small range, but surface-water temperature 
may range from freezing to more than 90° F. 
Water quality can best be controlled by 
maintaining a reasonably high flow rate to 
provide for dilution and self-purification and 
by minimizing the quantity of contaminants. 

FLOW REGULATION 

Flow regulation, or the maintenance of an 
adequate base-level flow and flood control, is 
a factor important to water supply, quality 
control, flood protection, and recreational 
usage. Flow is regulated by controlling 
discharge from reservoirs and by constructing 
levees that will increase carrying capacity. 
Flow is hindered by construction within the 
flood plain and by restrictive bridgeworks and 
culverts. For example, Pogues Run flows 

Another aspect of flow regulation is related 
to surface-construction projects. Parking lots, 
roadways, and buildings reduce infiltration 
and increase runoff. Agricultural ditching and 
tiling also increase surface flow. All the above 
factors, but not flood-control reservoirs, 
combine to increase maximum flood level and 
to reduce base flow level. Average annual 
streamflow for the larger perennial streams 
ranges from less than 1 cfs (cubic foot per 
second) to more than 25 cfs (fig. 7). 
Flood-plain information, including the 
expected magnitude of floods, has been 
studied by the U.S. Army Corps of Engineers 
and is available for the following streams: 
Pogues Run, Pleasant Run, and Bean Creek 
(Flood Plain Information, 1970b); Lick Creek 
and Little Buck Creek (Flood Plain Informa
tion, 1971a); Little Eagle Creek (Flood Plain 
Information, 1971b ); and Crooked Creek and 
Williams Creek (Flood Plain Information, 
1970a). 

DRAINAGE 

Poor drainage conditions may be either 
natural, as with upland tills, or construction 
related. Drainage of upland tills can be 
improved by tiling and ditching. Such 
drainage, however, could add to the flooding 
problem and should be planned cautiously. 
Construction-related drainage problems in
volve inadequate culverts and bridges as well 
as other obstructions constructed on the 
flood plain. Anything constructed on the 
flood plain that reduces its cross-sectional 
area will increase the flood level. 

Ground- Water Resources 
Ground water, water beneath the earth's 
surface and within the zone of saturation, 
along with previously discussed surface water, 
is one of the most abundant natural resources 
in Marion County. It is also a resource that is 
essential to continued development in the 
area. Ground water has decreased in relative 
importance to the city since the early 1900's 

RESOURCES 

... _. . . now used only as a s_upplement or 
- IS I dustrial and domestic users, how-
reserve. :;,inue to rely heavily on ground 
eve:~r \~ith proper development and manage
wa · nd water can help meet the ent gro u f th· 
m ' . g water-supply demands o IS jncreasm r "t 

wth-oriented community. There are IIlli a-
gro t water availability, however, that 
tions 

0 
· f r the should be considered when pl~mng 0 

f the area For a detruled reVIew of 
future o · · c t the ound-water resources in MarlOn oun y 
gr d ·s referred to Herring (1974, 1976), rea er 1 R and 
McGuinness (1943), and Meyer, eussow, 
Gillies (1975). 

PRESENT USAGE 
Ground-water usage in Marion County (1_974) 
. estimated to be about 60 mgd (million 
Jsallons per day). This includes water pumped 
~om thousands of domestic wells, hundreds 

f industrial wells, and dozens of muniCipal 0 

11 T tal ground water used is as follows: we s. 0 
t· 9 0 

(1) industry, 29.0 mgd; (2) domes Jc, .. 
mgd; (3) municipsl, 7.6 mgd; (4) co~mercJal, 
4.3 mgd; (5) institutiOnal, 3.5 mgd: ~d (6) 
. . t"o 1 5 mgd Industrial facJhtJes, the IITiga 1 n, . · 
largest users of ground water, are concen
trated in the central part of the county and 
tap the most productive aquifers of the ar~a. 
Domestic use of ground water is also qmte 
high; about 100,000 people rely on pnvate 
wells scattered throughout the county. 

Water discharged from major sand ~d 
gravel operations and quarries in the White 
River valley and from other p1ts, bmldmg
construction sites, and sewer-constructiOn 
projects scattered throughout the county are 
excluded from the water-usage figures. The 
exact amount of water being discharged by 
these dewatering operations is not known; 
during 1972, however, an estim_ated 23 U:gd 
was being pumped into White River by maJor 
sand and gravel operations alone. 

AVAILABILITY 

The availability of ground ,water depends 
primarily on geologic and meteorologic 
conditions. Favorable conditions include: (1) 
a permeable surficial material that will perr_mt 
ready infiltration of precipitation, (2) a thJCk 
coarse-grained or otherwise highly permeable 
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geologic unit (aquifer) at some depth below 
the seasonal low water table, and (3) 
sufficient rainfall. . . 

Ground water in Marion Count3:' IS available 
from unconsolidated materials, pnmarily sand 
and gravel in the glacial drift, and fr?m 
bedrock, mostly Silurian and Devon~a_n 
limestone and dolomite. The most prohfJC 
source is the thick layer of sand and gr~vel of 
Pleistocene age in the glacial outwa~h m and 
adjacent to the White River flood plam. 

Marion County has relatively large areas of 
flat-lying permeable alluvium, outwash, and 
kame materials that permit high infiltration 
rates Along the major stream valleys the 
out~ash extends to some depth beneath the 
surface to form an excellent aqu;fer. The 
Silurian-Devonian carbonate rocks lymg at the 
bedrock surface and immediately beneath the 
outwash have undergone extensive solutwn
channel development and also constitute . a 
good aquifer. Sand and gravel lenses Wlthm 
the till and the Silurian-Devoman carbonate 
rocks that lie beneath till (as opposed to 
outwash) are also aquifers but are not as 
prolific. Rainfall in the Marion County. ~ea 
exceeds evapotranspiration, thereby provJdmg 
the excess water required to recharge the 
aquifer systems. 

DEVELOPMENT POTENTIAL . . 
The development potential or potential y~eld 
of an aquifer (fig. 8) depends o_n aqmfer 
coefficients (transmissivity, hyd~aulzc conduc
tivity, and storage), aquifer thickness, areal 
extent, water levels (fig. 9), and recharge. c;>n 
the basis of the above factors, the potential 

ield from ground-water sources in Manort 
~ounty is an estimated 94 mgd (Meyer, 
Reussow and Gillies, 1975). This yield can be 
achieved' through location of wells and well 
fields in accordance with accepted hydrogeo-
logic methods. . . . 

An aggressive program of artifiCial recharge 
and sound aquifer management could substan
tially increase the potential ground-water 
yield. An aggressive program mclude~ the 
construction of holding ponds to permJt the 
spreading of water over the land surface and 
for better infiltration and recharge, the 
possible use of injection wells so that surface 
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Figure 9. Map of Marion County showing the potentiometric surface of the principal Pleistocene aquifer. 
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GROUND-WATER RESOURCES 

water can be injected into the aquifer during 
periods of high streamflow, and the use of 
proper well spacing with controlled pumpage 
of production wells to avoid overdrafts and 
obtain the best possible yields. 

PRINCIPAL PLEISTOCENE AQUIFER 

The greatest development potential exists in 
the principal Pleistocene aquifer, an extensive 
system of sand and gravel deposits in the 
White River valley, This aquifer, which has all 
the requirements (continuity, thickness, 
recharge potential, and permeability) for 
prolific ground-water production, also ex
tends to the east and west beneath the 
glacial-till cover (fig, 10). Recharge to the 
aquifer is very good because the soil cover is 
relatively permeable and allows a substantial 
amount of precipitation to percolate down
ward into the underlying aquifer. A perennial 
stream, White River, transects the area and is 
hydraulically connected to the aquifer, 
thereby providing substantial induced infiltra
tion. The aquifer is near the surface, and the 
topography and present land use in much of 
the area are such that an extensive and 
effective artificial recharge system of canals, 
trenches, pits, or wells could be constructed. 
In places, particularly where it lies beneath a 
cover of till, the aquifer is divided into two 
uuits by a relatively thick and extensive till 
layer (fig. 10). In the White River valley and 
in the lower reaches of Eagle Creek and Fall 
Creek, the saturated sand and gravel deposits 
range from 30 to more than 80 feet in 
thickness and constitute the most productive 
area of the principal Pleistocene aquifer (fig. 
10). 

Much of the present ground-water with
drawal takes place in the northern section of 
the aquifer; little development has been 
directed toward the southern part. 

BEDROCK AQUIFERS 

The most productive bedrock-aquifer system 
in the county is composed of the limestone 
and dolomite formations of Silurian and 
Devonian age. These formations behave 
hydraulically as a single aquifer (fig. 10). The 
most productive zone is in the upper 100 feet 
in areas where it was once exposed at the 
bedrock surface. The greatest amount of 
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solution development has occurred in this 
zone. 

The Silurian-Devonian aquifer exhibits 
considerable variability in its ability to 
transmit water to wells. For example, in the 
western and southern parts of the county, 
where the aquifer is overlain by younger 
shales of Devonian and Mississippian age, the 
potential yield is much less than in the rest of 
the county, where it is overlain by glacial 
drift. The shales greatly retard the downward 
percolation of water and decrease the 
potential for solution-channel development 
and other processes that would permit rapid 
recharge of the aquifer. 

On the other hand, the potential yield in 
the Silurian-Devonian aquifer in those areas 
where it is overlain by valley-train and 
outwash-plain deposits of sand and gravel is 
quite good. Not only has the bedrock been 
exposed to surficial weathering and more 
rapid solution-channel development, but it is 
also exposed to constant recharge from the 
overlying sand and gravel. Individual well 
yields of several hundred gallons per minute 
are common in these areas. 

Where the Silurian-Devonian aquifer is 
overlain by glacial till, as in much of eastern 
Marion County, well yields are generally 
about one-half as great as where sand and 
gravel overlie the aquifer. One prominent 
exceptiop is in the small well field of the 
town of Lawrence, where some wells are 
capable of producing 1,000 gpm. Apparently 
a relatively high degree of jointing and (or) 
solution-channel development has occurred 
there. 

The potential yield of the New Albany 
Shale of Devonian-Mississippian age is very 
limited. Few wells are completed in this 
formation, which is as thick as 125 feet, 
because it has a relatively low yield and 
because more water can usually be found 
either above or below it. Where the New 
Albany Shale underlies the younger Borden 
siltstone and shale, it has a very low 
permeability and yields almost no water to 
wells. Where the New Albany lies immediately 
beneath the glacial drift, it is somewhat more 
highly jointed and weathered, and, conse
quently, the yields to wells tend to be higher. 
Nevertheless, many wells are dry and some 




